(Received 24 March 1953) Li6becq & Peters (1949) showed that the inhibitory action of fluoroacetate on the oxidation of pyruvate and fumarate qould not be accounted for by the postulated con^4titive inhibition of acetic acid oxidation (Bar4e:t & Barron, 1947). They demonstrated that citrate accumulated during the oxidation of fumarate and pyruvate and suggested that fluoroacetate after activation underwent a condensation to form a fluorotricarboxylic acid. This hypothesis has since been confirmed and the inhibitor, presumably fluorocitric acid, has been isolated in crystalline form . These authors state that this is apparently not a simple case of competitive inhibition, because of the straight-line relation which was found between the active substance and the effect upon citrate disappearance. They used however only one concentration of citrate. Although the theory of competitive inhibition can only be applied with reserve to a multienzyme system contained in particles such as mitochondria, it seemed of interest to apply the method of Lineweaver & Burk (1934) to the system; we have therefore examined the effect of fluorocitrate on citrate oxidation by rabbit-kidney mitochondria at various concentrations of substrate and inhibitor. These experiments were done in 1950 during another investigation (Judah & Rees, 1953) and are published here in the hope that the results might be of interest to others. Method8
Mitochondria from rabbit kidney were obtained by the method of Schneider (1948) Composition ofthe medium: inorganic phosphate 0-025M, pH 7-4; adenosine 5'-phosphate 0 001 M; MgSO4 0-0067M; KC1 0{025M; cytochrome c 1 x 10-6M; mitochondrial suspension in 0-25M sucrose; and water to a final vol. of 3 ml.
RESULTS
During investigations on the action of fluoroacetate on citrate oxidation by rabbit-kidney mitochondria we observed that the inhibition was slight in the early part of the experiment and then progressed. Table 1 shows a typical experiment representative of five. This result suggested a competitive inhibition, and we decided to apply the methods of Lineweaver & Burk (1934) to our system. A preliminary experiment was carried out to obtain a value for the Michaelis constant Km. Fig. 1 shows an experiment in which two concentrations of fluoroacetate and five concentrations of citrate were used. In this experiment citrate was placed in the side arm of the flask while fluoroacetate and 3 ,umoles of L-malate were placed in the main compartment to ensure activation of the inhibitor before citrate came into contact with the enzyme system. This arrangement permitted the formation of the active inhibitor, fluorocitrate, so that when citrate was added to the centre compartment of the flask an immediate inhibition of its oxidation was always observed. Fig. 1 shows that the criteria for competitive inhibition are met. These curves were analysed by the method ofleast squares. This experiment was repeated four times with the same result.
Calculation gives values for Ki between 1-1 x 1o-4 and 2-1 x 10-4M. Km was 4-5 x 10-4M. The variations in Ki can probably be explained by the incomplete activation of fluoroacetate and are certainly too high as they relate to the fluoroacetate concentrations rather than to the unknown concentration of the active inhibitor. Sir Rudolph Peters has drawn our attention to the possibility that synthesis of fluorocitrate continues throughout the experiment and that this would make the analysis extremely complex. However, a compari- son of a control system such as described in Table 1 with one to which 2:4-dinitrophenol (DNP) was added 10 min. after the beginning of the experiment showed no difference in the degree of inhibition. This suggests that there is no continuous synthesis of fluorocitrate as DNP has been shown (Judah & Rees, 1953) to block the formation of fluorocitrate. Table 2 shows the disappearance of citrate at five concentrations in the presence of 0-002M fluoroacetate. It will be observed that citrate disappearance varies with the initial citrate concentration. This experiment was done to confirm by chemical means the manometric experiment illustrated in Table 1 . These experiments were carried out at citrate concentrations between 0-01 and 0-0033M. Buffa et al. (1951) were unable to demonstrate a competitive inhibition, but they used a single concentration of citrate. This was 10 ,umoles/3 ml., i.e. 
